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VAPOR PHASE GROWTH TECHNIQUE AND SYSTEM 
FOR 

SEVERAL 1 1 1 - V  CCMPOUNI) SEMICONDUCTORS 

J. J, Tie t jen ,  R. Clough, and D. Richman 

RCA Laboratories 
Princeton, New Je r sey  

Sumnary 

The objec t ive  of t h i s  con t r ac t  i s  a s i n g l e  vapor phase growth system t o  
prepare Gap, GaAs, InSb, InP, I d s ,  InSb, and se l ec t ed  a l l o y s  of these  compounds. 
I n  addi t ion ,  the  system should provide fo r  n- and p-type doping and the prepa- 
r a t i o n  of mul t i layer  s t r u c t u r e s .  An RCA method used t o  prepare GaAs, Gap, and 
t h e i r  a l l o y s  is being extended for the growth of compounds and a l l o y s  containing 
I n  and Sb. 

The work i s  progressing s a t i s f a c t o r i l y .  Three separa te  vapor growth 
systems have a l ready  been put into operation t o  f a c i l i t a t e  the  research.  
growth parameters fo r  InAs and InP were inves t iga ted ,  and adequate growth r a t e s  
f o r  s i n g l e - c r y s t a l l i n e  l aye r s  were achieved. I n  addi t ion ,  an In.lGa.gAs a l l o y  
s i n g l e - c r y s t a l  l ayer  has been prepared i n  a system i n  which, f o r  the f i r s t  
time, the  I n  and Ga sources  were maintained a t  d i f f e r e n t  temperatures. I d s  
has a l s o  been prepared a s  both n- and p-type l aye r s ;  i n i t i a l  cha rac t e r i za t ion  
shows i t  t o  be of high qua l i t y .  Because s t i b i n e  has not  ye t  been ava i lab le ,  
an a l t e r n a t e  method such as chlor ide t r anspor t  of Sb metal may be se lec ted .  

The 
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I INTRODUCTION 

The objective of this contract is to develop a compatible vapor phase 
growth method for the preparation of several 111-V compound semiconductors in- 
volving the elements Ga, In, P, As, and Sb. In addition, this method should 
facilitate n- and p-type doping and the preparation of multilayer structures. 
In previous research, RCA had demonstrated the ability to prepare GaAs, Gap, 
and their alloys, with outstanding properties relative to this goal, using a 
unique vapor phase growth technique.1 
permit the growth of compounds containing In and Sb. 

This method is now being extended to 

In order to efficiently achieve this objective, three separate growth 
systems are presently being used: 
incorporation of Sb in the growth process, and a third for the study of simul- 
taneous transport of Ga and In. Each of these systems has been slightly 
changed from the standard design to facilitate these specifications; but the 
individual modifications are minor and can easily be incorporated in a single 
system. 
the studies relating to Sb, the second system is currently being used in con- 
junction with the first to accelerate the In transport studies. 

one to study In transport, a second to study 

Since manufacturer's delays in supplying stibine have interfered with 

The construction of all of these growth systems was virtually completed 
prior to the start of this contract, and only minor alterations and final 
testing were required to make them available for this program. Therefore, our 
previous work and experience have enabled us to be well ahead of anticipated 
contract schedules. 

To date, single-crystalline InAs, InP, and Inl-xGaxAs alloys have been 
prepared with adequate growth rates, and n- and p-type doping of InAs has been 
achieved. It is particularly noteworthy that undoped InAs has room-temperature 
electrical properties which compare favorably with the best material previously 
reported. 
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11. TECHNICAL DISCUSSION 

A. General Chemistry 

An understanding of the  chemistry involved i n  vapor phase t ranspor t  systems 
i s  e s s e n t i a l  f o r  the proper design of experiments and equipment. This i s  par-  
t i c u l a r l y  important fo r  the growth of a l l o y s  of g a l l i u m  and indium compounds, 
s ince  the  thermodynamics pe r t inen t  t o  the chemical t ranspor t  of these  two e l e -  
ments i s  markedly d i f f e r e n t ,  For example, i n  a recent  publ icat ion,* the  growth 
of GaXfnl-,As a l l o y s  was described using apparatus i n  which both the  gal l ium 
and indium sources were maintained a t  the same temperature i n  the  same furnace.  
We be l i eve  t h a t  t h i s  approach i s  not  d e s i r a b l e ,  and we hope t o  a t t a i n  much 
b e t t e r  con t ro l  over a l l o y  composition by using a d i f f e r e n t l y  designed vapor 
growth system. I n  addi t ion,  accordingly, we a r e  sepa ra t e ly  inves t iga t ing  the  
condi t ions  f o r  a t t a i n i n g  proper InAs and I n P  depos i t ion  r a t e s  and c r y s t a l l i n e  
q u a l i t y  . 

The chemistry here involves the  t r anspor t  of gal l ium and indium v i a  d i s -  
p ropor t iona t ion  reac t ions  of t h e i r  subchlorides.  A t yp ica l  r e a c t i o n  i s  i l l u s  
t r a t e d  i n  Eq. (1) where M may be Ga o r  I n  and n may be 2 or  3 depending upon 
the  temperature and r eac t an t  concentrat ions.  

High temperatures favor the l e f t  s ide  of t h i s  reac t ion ,  low temperatures the  
r i g h t ,  I n  using t h i s  r eac t ion  t o  prepare a 111-V compound, the monochloride is 
formed by r eac t ion  of the  m e t a l  wi th  HC1 and then c a r r i e d  t o  a depos i t ion  zone 
where r e a c t i o n  (1) occurs i n  the  presence of a group V element (such as A s  o r  P) 
g iv ing  the  I I I - V  compound r a t h e r  than the metal ,  

While the p r inc ip l e  app l i e s  equally w e l l  t o  G a  o r  In ,  the s t a b i l i t y  of the 
monochloride r e l a t i v e  t o  higher chlor ides  d i f f e r s  g r e a t l y  between them. The 
low s t a b i l i t y  of G a C l  allows Ga t o  be e f f i c i e n t l y  t ransported wi th  a temperature 
d i f f e rence  between the  source and deposi t ion zones of only 50°C. However, the  
high s t a b i l i t y  of InCl r equ i r e s  much l a r g e r  temperature d i f f e rences  (of t he  
order  of 200°C or  more) t o  achieve comparable e f f i c i e n c i e s .  A second f a c t o r  
r e l a t e d  t o  the  d i f f e rence  i n  s t a b i l i t i e s  i s  tha t ,  whereas i n  the G a  case 
v o l a t i l e  GaC13 i s  the major cons t i tuent  of the  gas phase, i n  the  In  case InCl 
i s  the  major component. 
ca re  must be taken t o  avoid condensation a t  low depos i t ion  temperatures. 

This compound i s  much l e s s  v o l a t i l e  than GaC13  and 

Both of these f a c t o r s  i n d i c a t e  tha t  higher  source temperatures and l a r g e r  
g rad ien t s  a r e  required f o r  the e f f i c i e n t  t r anspor t  of I n  compounds. In  
addi t ion ,  f o r  the simultaneous t ransport  of I n  and Ga, i t  i s - impor t an t  t o  allow 
f o r  d i f f e r e n t  source temperatures for these two elements, and t o  minimize the  
p o s s i b i l i t y  of r e -equ i l ib ra t ion  of the r e spec t ive  ch lor ides .  

I n  s e l e c t i n g  appropr ia te  deposi t ion temperatures fo r  I n  compounds, con- 
s i d e r a t i o n  must be given not only t o  the  vapor p re s su re  of InC1, but  t o  the  
d i s s o c i a t i o n  pressure of the  deposited mater ia l .  For example, InP has a h igh  
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d i s s n c i  ab ou 75OOC and, therefore ,  a low depos i t ion  
It i s  evident t h a t  t he  f i n a l  condi t ions  chosen must temperature i s  des i r ab le .  

represent  the  b e s t  compromise of the various f a c t o r s  involved, 

B. Growth of InAs 

The f i r s t  of t he  above-mentioned systems has been converted from one used 
t o  prepare GaAsl,,P, a l l o y s  t o  one for the  growth of indium-base 1 1 1 - V  compounds. 
This involved s u b s t i t u t i n g  I n  f o r  G a  i n  the  source region of the apparatus.  
The system, otherwise i d e n t i c a l  t o  that  described previously,' i s  shown sche- 
ma t i ca l ly  i n  Figure 1. 

HC 

MIXING CHAMBER 

SUBSTRATE 

I f 
IREACTION DE STlON STOPCOCK BNk INDIUM 

ZONE I ZONE I 
I 
I 
I 

I 
I 

Figure 1, Schematic representa t ion  of vapor-deposi t ion apparatus.  

A series of experiments were performed t o  optimize the growth rate of I d s .  
The growth parameters s tudied were flow rates of the  gaseous reac tan ts ,  
temperatures throughout the  growth system, and s u b s t r a t e  material. 
of these  s tud ie s  are presented i n  Table I. 

The r e s u l t s  
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Run 
Number 

950 
950 

950 

950 
950 

950 
950 

950 
950 

950 

950 
950 

950 

TABLE I 

GROWTH OF InAs 

850 

850 

850 

850 
850 
850 

850 
850 

850 
850 

850 

850 

850 

4-28-67-M 

5 -2 -67 -M1 
5- 2 - 67 -M2 
5 -5 - 67 -M2 
5-5-67 -M1 
4-25-67-M 
4-26-67-M 

5 -9 -67 -M1 
5-9-61 -M2 
5 4-61 -M 
5-8-61 -MA 
5-8-67-MB 

5 -8 - 67 -MC 

5-10-67-M 
5-15-61 -M 

5-23-67-M 

5-24-67-M 
5-31-67-M 

6-14-67-M 

Substrate 
Or fentat io1 

~~~ 

(100) 725 950 850 300 600 200 25.0 
(100) 725 950 850 300 600 200 30.0 

(100) 725 950 850 300 600 200 31.0 

(100) 725 950 850 300 600 2 00 22.0 

(110) 725 950 850 300 600 200 11.0 

(100) 725 950 850 300 600 200 20.0 
A 

Grwth of Epitaxial InAs on GaAs 

Furnace Temp., " C  

Deposition Center Indium 
Zone Zone Zone 

625 
625 

625 
700 
725 

725 
725 
725 
725 
750 
7 50 
750 

7 50 

F l o w  Rates, cm3/min 

H2 Carrie] 
for HC1 

1100 

300 

700 

300 
300 

1100 
1100 

300 

300 
1100 
300 
300 

300 

H2 Carrier 
for AsH3 

1300 

600 
1100 

600 
600 

1300 
1300 

600 
600 

1300 

600 
600 

600 

10% AsH3 
i n  H;! 

200 

100 

200 
100 
100 

200 
200 

200 
200 

100 
100 
100 

100 

- 
Grwtt 
Rate, 
pm/hr - 
3.1 
nil 

4.1 
14.0 

15.3 
19.0 

25.4 
28.0 

28.0 

12.7 

10.2 
7.1 

5.1 

- 
Growth of HomoeDitaxial InAs 

Comnents 

Substrate 1 in.  t o  
right of center of 
furnace. 

Substrate 2 in.  to  
right of center of 
furnace. 

Doped with Zn 

Doped with Zn 

Doped with Se 

The thermodynamic arguments presented i n  Sec t ion  1 I . A .  suggest the use of 
a s t eepe r  temperature grad ien t  than has been used i n  the  GaAs system. Temper- 
a t u r e s  of 725OC f o r  t he  depos i t ion  zone, 950°C f o r  t h e  cen te r  zone, and 850°C 
f o r  the  indium zone were used. These temperatures, together  wi th  the  flow 
r a t e s  f o r  the  gaseous r eac t an t s  used i n  the  GaAs system, r e s u l t e d  i n  reasonably 
r ap id  growth r a t e s  (20-25 microns/hr) on (100)-oriented GaAs s u b s t r a t e s  (runs 
4-25-67M and 4-26-67M). X-ray ana lys i s  confirmed t h a t  the  deposi ted l aye r s  
were s i n g l e - c r y s t a l  e p i t a x i a l  I d s ,  It i s  evident  t h a t  changing the  flow 
condi t ions  wi th in  broad l i m i t s  does not  s i g n i f i c a n t l y  a f f e c t  the  growth rate; 
but,  as described i n  Sec t ion  I I .A . ,  thermal condi t ions  play a very important 
r o l e .  A t  lower depos i t ion  zone temperatures the  growth r a t e  was g r e a t l y  re- 
duced, perhaps due t o  enhanced l i q u i f i c a t i o n  of indium chlor ides  i n  the 
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depos i t ion  zone. 
temperatures, owing t o  the  g r e a t l y  increased s t a b i l i t y  of InCl r e l a t i v e  t o  t h a t  
of InC13. Sui tab le  flow rates were found t o  be 300 cm3/min f o r  the  HC1 c a r r i e r  
gas and 600 cm3/min fo r  the  AsH3 c a r r i e r .  
r a t e  of a 10% AsH3-in-H2 mixture of 200 cm3/min was necessary fo r  reasonable 
growth rates, and t h a t  the  growth r a t e  did not increase  above t h i s  flow rate. 
Gaseous H C l  was introduced a t  the  constant rate of 4.0 cm3/min. 

The growth r a t e  was a l s o  reduced a t  higher depos i t ion  zone 

It was found t h a t  a minimum flow 

Following e p i t a x i a l  growth s tudies  of InAs on GaAs subs t r a t e s ,  homoepitaxial 
InAs w a s  deposited on (100) and (110)-oriented InAs subs t r a t e s .  I n  order  t o  
prepare the sur faces  f o r  growth, a s e r i e s  of e t chan t s  were inves t iga ted  and i t  
was found t h a t  room-temperature bromine-methanol e tches  a r e  s u i t a b l e  f o r  
po l i sh ing  InAs on the  (100) and (110) sur faces .  Using a r o t a t i n g  beaker 
pol i sh ing  apparatus,  the  (100)-oriented InAs subs t r a t e s  were polished f o r  
15 min I n  a 1% s o l u t i o n  of bromine in  methanol, and the (110)-oriented InAs 
s u b s t r a t e s  were polished i n  a 2% so lu t ion  of bromine i n  methanol f o r  15 min. 
To da te ,  a s u i t a b l e  chemical p o l i s h  f o r  (111) InAs sur faces  has not been ob- 
ta ined.  Better sur faces  were exhibi ted by growths of homoepitaxial InAs than 
by e p i t a x i a l  growths on GaAs, which has a 5.1% degree of l a t t i ce  cons tan t  m i s -  
f i t  w i t h  InAs. Some p i t s ,  however, s imi l a r  t o  those grown i n  homoepitaxial 
GaAs, were formed i n  the  homoepitaxial (110)-oriented I d s .  The growth rate on 
(100)-oriented InAs was near ly  the same as  on (100)-oriented GaAs,  but the  
growth r a t e  on (110)-oriented InAs, however, was about ha l f  t h a t  r a t e .  The 
f i r s t  grown l aye r s  are n-type and have net c a r r i e r  concentrat ions of less than 
Sx1016/cm3 and mob i l i t i e s  a s  high a s  29,000 cm2/V-sec a t  300"K, which are 
comparable t o  good melt-grown mater ia l  and t h e  bes t  y e t  obtained a t  300°K f o r  
vapor-grown I d s .  D i f f i c u l t i e s  i n  maintaining ohmic con tac t s  a t  low tempera- 
tu res ,  and the inherent  b r i t t l e n e s s  of the  I d s  Hall  samples, have s o  f a r  pre-  
vented measurements a t  77'K. 

Both n- and p-type doping of InAs has been achieved using Se  and Zn a s  the  
r e spec t ive  dopants. The e l e c t r i c a l  p roper t ies  of these l aye r s  have not y e t  
been evaluated.  

C. Growth of InP 

A s  previously pointed out, a second system has been newly constructed t o  
incorpora te  s t i b i n e  (SbH3) fo r  the  growth of Sb compounds. It i s  e s s e n t i a l l y  
i d e n t i c a l  t o  t h a t  shown i n  Figure 1, except that provis ions have been added f o r  
the  f u t u r e  incorporat ion of antimony. This system has been proven acceptable  
f o r  experimental  use b growing homoepitaxial GaAs w i th  a n e t  c a r r i e r  concen- 

a manufacturer 's  delay i n  the  del ivery of the  s t i b i n e ,  t h i s  system i s  present ly  
being used t o  grow InP; meanwhile, considerat ion i s  being given t o  t r anspor t ing  
Sb v i a  I t s  chlor ides .  

t r a t i o n  of 6.5x1015/cm 4 and a mobil i ty  of 21,100 cmZ/V-sec a t  77°K. Owing t o  

The r e s u l t s  of a series of experiments t o  e s t a b l i s h  temperatures and flow 
rates f o r  good InP growth r a t e s  are given i n  Table 11. The growth r a t e s  are 
given as an average growth over both sur faces  of the  s u b s t r a t e s  s ince  the re  
w a s  some v a r i a t i o n  i n  thickness  of the grown layers .  The layers ,  deposi ted on 
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Run Number Center 
Zone 

950 

950 

950 

950 

9 50 

9 50 

950 

950 

5-22-67-6 

5 - 19 - 67 -C2 

5-23-67 -C 

5 - 26-67 -C 

5 - 2 4 - 6 7 4  

5 - 16-67 -C 

5 -19-67 -C1 

5-17-67-C 

Indium 
Zone 

850 

850 

900 

9 00 

900 

850 

850 

850 

TABLE I1 

GROWTH OF EPITAXIAL InP CIN GaAs 

9 

Furnace Temp., "C 1 Flow Rates,  cm3/min 

Deposit ion 
Zone 

650 

67 5 

67 5 

67 5 

675 

700 

7 00 

7 00 

H2 
c a r r i e r  
f o r  HC1 

500 

500 

500 

500 

500 

500 

500 

500 

H2 
c a r r i e r  
f o r  PH3 

400 

400 

400 

400 

400 

400 

0 

400 

5% PH3 
i n  
H2 

400 

400 

400 

400 

400 

400 

800 

800 

~ 

Avg . 
Growth 
Rate, 

microns / hr  

7.6 

10.0 

8.0 

10.03 

11.4 

9.2 

9.2 

3.0 

(100)-oriented GaAs, were shown t o  be s i n g l e - c r y s t a l  e p i t a x i a l  InP by x-ray 
ana lys i s ,  and preparat ions a r e  being made t o  make measurements of t h e i r  
e l e c t r i c a l  p roper t ies .  

As expected from the  thermodynamic arguments given above, a low depos i t ion  
zone temperature (675°C) and high indium zone temperature (900OC) were neces- 
s a ry  f o r  reasonable growth r a t e s .  The cen te r  zone w a s  held a t  950°C. It was 
found t h a t  high H2 carrier gas f l o w  rates decreased the growth r a t e ,  s ince  the  
r e s u l t i n g  d i l u t i o n  fu r the r  s t a b i l i z e s  InCl and a l s o  reduces the  phosphorus 
pressure.  
c a r r i e r  gas f o r  the  PH3 was fed a t  400 crn3/min. I n  s i m i l a r i t y  t o  the InAs 
system, i t  w a s  found tha t  400 cm3/min of a 5% pH3-in-H~ mixture w a s  necessary 
f o r  a reasonable growth r a t e ,  and that  higher PH3 flow r a t e s  did not  increase  
the  growth rate. 

The H2 carrier gas for  the HC1 was fed a t  500 cm3/min and the H2 

The HC1 flow rate was maintained cons tan t  a t  4 .0  cm3/min, 

Since the  maximum InP growth r a t e s  are only 1 / 2  t h a t  obtained f o r  InAs, 
even s t eepe r  temperature grad ien ts  w i l l  be inves t iga ted  i n  the  fu ture .  

D. Growth of Inl-xGaxAs Alloys 

A t h i r d  system has been constructed which allows the  independent con t ro l  
of t he  temperature and gas atmosphere passing over two separate source metals. 
A diagram of t h i s  system i s  shown i n  Figure 2. The s i g n i f i c a n t  modif icat ions 
of a s tandard system which have been incorporated i n  t h i s  system a r e  (a) an 
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A 

T H C I  + He m, : 4 - A 8 H 3 t  He 

DEPOSITION ZONE MIXING ZONE SOURCE ZONE SOURCE ZONE 
14 13 f2 TI 

Figure 2.  Apparatus for the growth of Inl-xGaxAs a l loys .  

e longat ion  of the  source.zone so  that two independently cont ro l led  8-in. furnace 
sec t ions  may be used, and (b) the  standard 26-rmn I D  r eac t ion  tube of the  
source reg ion  has been replaced by two 15-mm I D  tubes placed one over the o ther .  
The e f f l u e n t s  from these  two source tubes are arranged so t h a t  one feeds d i -  
r e c t l y  i n t o  the  mixing zone whereas the o the r  bypasses the mixing zone and d i s -  
charges i n t o  the  main gas flow i n  the depos i t ion  zone approximately 1 inch 
upstream from the  subs t r a t e .  This geometry was chosen t o  minimize r eac t ions  
between the source gases before deposi t ion on the  subs t r a t e .  

The d iscuss ion  in Sect ion  1 I . A .  of the  chemistry involved i n  t ranspor t ing  
the group I11 metals shows t h a t  t h i s  system is  i d e a l l y  su i t ed  for  the  growth 
of 1 1 1 - V  compound a l l o y s  containing mixed group 111 metals.  
s t ra te  t h i s  f e a s i b i l i t y  work has been s t a r t e d  on the  growth of Inl-xGaxAs. 
Because t h i s  equipment became ava i lab le  l a t e  i n  the  r epor t  period only one run 
has been made. However, t h i s  yielded very encouraging r e s u l t s .  

I n  order  t o  demon- 

The experimental condi t ions are summarized i n  Table 111 and the  resul ts  
The composition was in fe r r ed  from o p t i c a l  absorpt ion a r e  shown i n  Table I V .  

measurements and the  da t a  of Hockings e t  a l .3  on bandgap vs.  composition. It 
should be noted t h a t  t h i s  a l l o y  is  considerably r i c h e r  i n  I n  than a l l o y s  pre-  
pared by Conrad e t  a1.2 wi th  equal  chlor ide flows over G a  and In sources a t  
the same temperature, Our r e s u l t s  would be an t i c ipa t ed  from our previous 
d iscuss ions  of the  pe r t inen t  chemistry. 

Unfortunately, i t  was not possible  t o  measure the  low-temperatbre e l e c t r i -  
c a l  p rope r t i e s  of th is  specimen. 
e l e c t r i c a l  p rope r t i e s  of a l l o y s  grown by the  technique would be premature a t  
t h i s  t i m e .  

Any conclusions or  specula t ions  about t he  

a 
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TABLE I11 

EXPERIMENTAL CONDITIONS FOR THE GROWTH OF Inl-xGaxAs 
[GaAs SUBSTRATE (100) -SURFACE] 

Zone 

Ga 

In 

Mixing 

Deposition 

Temperature ("C) 

7 95 

905 

920 

709 

Gas 

HC 1 
H2 

H2 
HC 1 

10% AsH3 
in H2 

H2 

3 
3 80 

3 
380 

200 

7 60 
plus Effluent from Ga Zone 

All above 

TABLE IV 

ROOM-TEMPERATURE PROPERTIES OF InAs -GaAs ALLOY 
GROWN EPITAXIALLY ON GaAs 

Composition . . . . . . . 90% GaAs, 10% InAs 

Carrier Concentration . . . . 1 ~ 1 0 ~ ~  electrons/cm 

Resistivity . . . . . . . 1.37 ohm-cm 

3 

2 Mobility. . . . . . . . . . . 4400 cm IV-sec 
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111. CONCLUSIONS AND mC(IMMENDAT1ONS 

The development of a compatible vapor phase growth method f o r  preparing 
se1.7eral. II1-V compounds i s  progressing a t  a s a t i s f a c t o r y  r a t e .  I d s ,  InP, and 
a 1n.lGa.gAs a l l o y  have already been prepared. I n  add i t ion  InAs has been pre-  
pared as both n- and p-type layers ,  and i n i t i a l  cha rac t e r i za t ion  of I d s  has 
ind ica t ed  t h a t  t h i s  material i s  of high qua l i t y .  
of s t i b i n e  has encountered d i f f i c u l t i e s  i n  preparing and s t o r i n g  s t ib ine ,  w e  
have n o t  ye t  received any shipment. 
t i v e  method such a s  ch lor ide  t ranspor t  of Sb metal. 

Since the  commercial suppl ie r  

This may n e c e s s i t a t e  s e l e c t i n g  an a l t e r n a -  

During the  next quar te r ,  work w i l l  continue on preparing InAs, InP, and 
Inl,xGaxAs and w i l l  include doping these ma te r i a l s  wi th  both donor and acceptor 
impur i t ies .  I n  addi t ion ,  Sb w i l l  be added t o  the  growth system t o  permit 
prepara t ion  of GaSb and InSb. 
prepared. F ina l ly ,  e f f o r t s  w i l l  continue t o  make low-temperature H a l l  measure- 
ments on these mater ia l s  t o  evaluate  t h e i r  pur i ty .  

Also, InAsl,,P, and Gal,xI+P a l l o y s  w i l l  be 
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V. NEW TECHNOLOGY APPENDIX 

A. T i t l e :  Chemical Pol ishing of (100) and (110) I d s  Surfaces 

Page Reference: 6 

Comments: No chemical e tchants  have y e t  been reported f o r  po l i sh ing  InAs. 
The e tchant  described i s  e s p e c i a l l y  usefu l  for  provided smooth, 
damage-free, c lean  surfaces  of InAs f o r  e p i t a x i a l  growth. 

B. T i t l e :  

Page Reference: 7 ,  8 

Conrments: I n  previous vapor phase growth systems, the indium and gall ium 

Improved Procedure f o r  the Growth of I n  1-x Ga x A s  Alloys 

have e i t h e r  been mixed together ,  o r  have been maintained a t  the  
same temperature i n  the same furnace.  Here, t he  indium and 
gal l ium sources a r e  held a t  separa te  temperatures, and t h i s  
allows super ior  control  over the  composition of the grown 

Ga A s  a l loys .  9 - x  x 

Note: Although the  e tchant  described under A. and the  growth system described 
under B. a r e  no t  new i n  themselves, t h e i r  app l i ca t ion  t o  InAs and 

Ga As a l l o y s  is new. 9 - x  x 
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